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Calcium-Independent Desmosomes of Keratinocytes
are Hyper-Adhesive
Tomomi E. Kimura1, Anita J. Merritt1 and David R. Garrod1
Desmosomes in tissues are resistant to disruption by chelation of extracellular calcium. It has been suggested
that this represents a hyper-adhesive state of these intercellular junctions that is crucial for the maintenance of
epidermal integrity. Desmosomes change to a lower affinity, calcium-dependent adhesive state when cells are
cultured at low density or when an intact epithelial cell sheet is wounded. Here we demonstrate that cells of the
immortalized human keratinocyte line HaCaT acquire calcium-independent desmosomes in confluent culture.
An adhesion assay shows that HaCaT cells with calcium-independent desmosomes are more cohesive than cells
with calcium-dependent desmosomes. This assay relates directly to desmosomal adhesion because it involves
splitting of the desmosomal adhesive material. Moreover, the difference in adhesiveness between calcium-
dependent and calcium-independent desmosomes involves no quantitative change in the known protein
composition of desmosomes. Instead, switching between the two adhesive states can be achieved by activation
or inhibition of protein kinase C (PKC), suggesting a direct effect of PKC signalling on desmosomal adhesion.
These results provide direct support for the concept of hyper-adhesiveness in desmosomes.
Journal of Investigative Dermatology (2007) 127, 775–781. doi:10.1038/sj.jid.5700643; published online 28 December 2006
INTRODUCTION
Epidermal cells are bound tightly together to provide a
physical barrier against the outer environment. They need the
ability to move throughout life especially in situations such as
wound healing and embryonic development. The stability
and flexibility of cell–cell interactions within the epidermis
therefore need to be strictly regulated. Moreover, loss of
adhesive regulation could be a crucial process during cancer
invasion and metastasis.
Desmosomes are the principal junctions of epidermis and
are essential for the integrity and barrier function of
unwounded adult skin (Vasioukhin et al., 2001; Jonkman
et al., 2005). Therefore, desmosomal adhesion must be highly
regulated to subserve tissue integrity and flexibility. Little is
known about how desmosomal adhesiveness is regulated
during epidermal remodelling.
It has been suggested that the great adhesive strength of
desmosomes arises from their ability to enter a hyper-
adhesive state not shared by other junctional types (Garrod
et al., 2005). These cadherin-containing junctions are said to
be calcium-independent when hyper-adhesive because they
are not disrupted by chelation of extracellular calcium (Watt
et al., 1984; Mattey and Garrod, 1986; Wallis et al., 2000;
Garrod et al., 2005). The calcium-independent, hyper-
adhesive state is a property of cells in confluent sheets in
culture and intact epithelia in vivo. The desmosomes of cells
maintained at subconfluent density in culture remain calcium
dependent (Wallis et al., 2000). Furthermore, if cultured cell
sheets or the intact epidermis are wounded, the desmosomes
of cells at the wound edge lose hyper-adhesiveness by
becoming calcium dependent (Wallis et al., 2000; Garrod
et al., 2005). Some evidence suggests that loss of calcium
independence involves an ‘‘inside-out’’ transmembrane
signal generated by protein kinase C (PKC). This signal is
believed to alter the configuration of the desmosomal
cadherins and reduce their binding affinity (Wallis et al.,
2000; Garrod et al., 2005). We believe that this ability of
desmosomes to modulate their adhesive state is fundamental
to epithelial organization and maintenance.
It has not yet been clearly established that calcium-
independent, hyper-adhesive desmosomes are truly more
strongly adhesive than calcium-dependent desmosomes. In
this paper, we use a simple assay of cell adhesive strength to
compare the adhesiveness of confluent sheets of the immorta-
lized human keratinocyte cell line HaCaT in the calcium-
dependent and calcium-independent states. We show that
calcium independence corresponds to stronger adhesion.
RESULTS
The desmosomes of HaCaT cells become calcium independent
in confluent culture
We have shown previously that almost 100% of Madin–Dar-
by canine kidney (MDCK) cells acquire calcium-independent
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desmosomes after 6 days in confluent culture (Wallis et al.,
2000). To examine whether HaCaT cells also have this ability
cells from days 1, 2, 4, and 6 of confluent culture were
incubated in low calcium medium (LCM) or standard medium
(SM) for 90 minutes. Desmosomes were stained for desmopla-
kin (DP) and the proportion of cells having calcium-
independent desmosomes determined by direct counting
under fluorescence microscopy (Figure 1). All cells in SM
remained in contact and DP staining was continuous at the cell
membranes (Figure 1a, c). Following treatment with LCM day 2
cells had lost contact with each other and internalized DP
(Figure 1b). By contrast, nearly all day 6 cells remained
attached by DP-staining contacts after LCM treatment even
though some gaps appeared between them (Figure 1d). On day
1, 19% of cells possessed calcium-independent desmosomes
and this increased to 62% on day 4 to 98% by day 6 (Figure
1e). Thus, HaCaT cells acquire calcium-independent desmo-
somes in confluent culture in a similar manner to MDCK cells.
HaCaT cell sheets become more cohesive with time in culture
Dissociation assays were performed to examine whether cells
with calcium-independent desmosomes are more strongly
adhesive than those with calcium-dependent desmosomes.
Cell sheets from 2-, 4-, and 6-day confluent cultures were
detached from their dishes with dispase and subjected to 20
rotations in Hanks’ balanced salt solution (HBSS). The cell
sheets showed increased resistance to disruption with
increasing time of culture (Figure 2a–f). The degree of
dissociation was quantified by counting the number of
fragments released from the cell sheets during the assay
(Figure 2g). The number of fragments decreased with
increasing time of confluent culture thus indicating that the
cell sheets became more cohesive.
To assess whether calcium independence of desmosomes
contributes to the increasing resistance of cell sheets to
disruption we subjected cell sheets of different ages were
subjected to gentle agitation in LCM. Cell sheets from 2-, 4-,
and 6-day cultures were detached and incubated in LCM for
1 hour. In day 2 cultures most fragments were single cells but
day 6 culture fragments were much larger (Figure 2h–p).
For this reason the number of released single cells per
milliliter was counted for quantification instead of counting
cell sheet fragments (Figure 2q). The number of single cells
released diminished markedly from day 2 to day 6. As
desmosomes are the only junction type to attain calcium
independence (Wallis et al., 2000) this result supports the
view that calcium-independent desmosomes were involved
in resisting disruption at the later time points.
The physical force of rotation breaks extracellular adhesion by
breaking cell junctions rather than destroying cell structures
In order to be confident that the dissociation assay actually
measures the strength of intercellular adhesion it was
necessary to determine whether disruption of the cell sheet
involved splitting of cell–cell junctions rather than splitting of
cell bodies. This was examined by transmission electron
microscopy. Day-2 and -6 cell sheets were subjected to 20
rotations in Hanks’ balanced salt solution and immediately
fixed for transmission electron microscopy with some
samples being fixed without rotation as controls. Transmis-
sion electron microscopy of control cell sheets showed that
day-2 and -6 cultures were monolayers with desmosomes at
the cell membranes (Figure 3a–f). After rotation, cell sheets
showed enlarged intercellular spaces between cells that
remained partially attached (Figure 3g, k). The detached parts
of cell membranes showed membrane densities with the
appearance of half desmosomes (windows in Figure 3h and
l–o). No complete cytoplasmic desmosomes such as have
been found in wound edge epidermis (Garrod et al., 2005)
were observed. These observations indicate that loss of
cell adhesion in the dissociation assay involved splitting
of the adhesive material of desmosomes and thus support
the view that the assay provides a quantitative indication of
intercellular adhesive strength.
Change between calcium dependence and calcium
independence does not involve alteration in protein
composition of desmosomes
Because the cells age from 2 to 6 days as they acquire
calcium-independent desmosomes it is possible that the
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Figure 1. The desmosomes of HaCaT cells become calcium-independent in
confluent culture. (a–d) Immunofluorescence for DP in HaCaT cells cultured
at confluence for (a, b) 2 days and (c, d) 6 days in standard tissue culture
medium SM or after incubation for 90 minutes in LCM. Arrows in (b) indicate
cells with calcium-dependent desmosomes; Arrows in (d) indicate cells
with calcium-independent desmosomes. Bar¼ 25 mm. (e) Quantification of
cells with calcium-independent desmosomes on days 1, 2, 4, and 6 of
confluent culture.
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protein composition of the desmosomes alters qualitatively or
quantitatively during this time and that such alterations may
account for the change in their adhesive state. Two
techniques were used in order to investigate this, Western
blotting of whole-cell lysates and quantitative immunofluor-
escence of cell junctions for the major desmosomal
components DP, desmocollins (Dsc) 1, 2, and 3, desmogleins
1, 2, and 3, plakoglobin and plakophilins 1 and 2, as well as
for the adherens junction protein E-cadherin and the tight
junction protein ZO-1. The results showed that there was no
qualitative and no statistically significant quantitative change
in any of these components between days 2 and 6 in either
assay, except for a 13.9% increase in the amount of Dsc2 in
day 6 cells (Figures S1 and S2). Dsc1 and desmoglein 1 were
not expressed at either time point under our culture
conditions.
It was therefore possible that the increase in Dsc2 content
of desmosomes might account for the change in adhesive
state. In order to test this we used the following strategy. We
have shown previously that calcium-dependent desmosomes
in MDCK cells can be rapidly converted to calcium
independence by treatment with inhibitors of PKC and,
conversely, that calcium-independent desmosomes can be
rapidly converted to calcium dependence by treatment of
cells with the PKC activator 12-O-tetradecanoylphorbol-13-
acetate (TPA) (Wallis et al., 2000). If Dsc2 is responsible for
the dependence/independence change, its amount in desmo-
somes should change on PKC-induced conversion.
To test this we first determined whether PKC activation
and inhibition had the same effect on HaCaT cells as on
MDCK cells and, if so, whether this would affect the
cohesiveness of cell sheets in the expected manner. The
results show that cells in day 2 cultures treated with 5 or
50 nM 12-(2-Cyanoethyl)-6,7,12,13-tetrahydro-13-methyl-5-
oxo-5H-indolo(2,3-a)pyrrolo(3,4-c)-carbazole (Go¨6976) for
1 hour showed a dramatic increase in desmosome calcium
independence compared with cells treated with the solvent
vehicle DMSO (Figure 4a, b). Cells on day 6 treated with 5 or
50 nM TPA showed a significant reduction in desmosome
calcium dependence compared with DMSO-treated cells.
Thus HaCaT cells responded in the same manner as MDCK
cells to drugs that activate or inhibit PKC.
As Go¨6976 and TPA alter the desmosomal adhesive state
in HaCaT cells, their effects on the strength of cell–cell
Day 2 Day 4 Day 6 140
120
100
80
60
40
20
0
250
200
150
100
50
0
Day 2
N
um
be
r o
f f
ra
gm
en
ts
N
um
be
r o
f s
in
gl
e 
ce
lls
 (
1,
00
0/
m
l)
Day 4 Day 6
Day 2 Day 4 Day 6
Day 2 Day 4 Day 6
Day 2
SM
LCM
Day 4 Day 6
Rotation in HBSS
a b c
g
q
d e f
h i j
k l m
n o p
Figure 2. HaCaT cell sheets become more cohesive in a calcium-independent manner with time in culture. (a–f) HaCaT cell layers on (a, d) day 2, (b, e) day 4,
and (c, f) day 6 (a–c) after detachment from culture dishes with dispase or (d–f) after subsequent 20 rotations in Bijou tubes in 4 ml of Hanks’ balanced salt
solution. (g) Quantification of the degree of dissociation of cell layers treated as in (a) by counting fragments of the monolayer after rotation. HaCaT cell layers
from longer culturing showed decreased dissociation. (h–p) HaCaT cell layers on (h, k, n) day 2, (i, j, o) day 4, and (j, m, p) day 6 were detached from culture
dishes with dispase and incubated in (h–j) SM or in (k–m) LCM for 1 hour to destroy Ca-Dep cell–cell adhesion. (n–p) show parts of (k–m) at higher magnification.
(q) The degree of dissociation by LCM was quantified by counting single cells. Cell layers showed decreasing dissociation from day 1 to day 6. Bars in (b, d)
represent the mean of at three independent experiments 7SEM. Bars¼ (a–m) 10 mm; (n–p) 4 mm.
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adhesion was assessed in the dissociation assay. Cells in day
2 and day 6 cultures were incubated with inhibitor or
activator for 1 hour. Cell sheets were detached from dishes
and subjected to the dissociation assay. DMSO was shown to
have no effect on the dissociation assay by comparing with
non-treated samples and was used as a control. Treatment of
day 2 cultures with Go¨6976 reduced the number of fragments
after rotation indicating cells gained stronger cell–cell
adhesion (Figure 4c). On the other hand, treatment of day 6
cultures with TPA increased the number of fragments
indicating weakened cell–cell adhesion (Figure 4d). Cells on
day 4 of culture also showed the expected responses to PKC
activation/inhibition (Figure S3). These changes in dissocia-
tion correlate with the conversion of desmosomal adhesive
state and support the hypothesis that calcium-independent
desmosomes are more strongly adhesive than calcium-
dependent desmosomes.
We next used the Western blotting and immunofluores-
cence assays to determine whether the changes in desmosomal
adhesiveness induced by PKC activation/inhibition were
accompanied by alterations in the amount of Dsc2. For
completeness possible changes in the other junctional compo-
nents were also monitored. The results show that no qualitative
or statistically significant quantitative changes in Dsc2 or any of
the other components studied accompanied these induced
changes in desmosomal adhesiveness (Figures S1 and S2).
A change in cellular adhesiveness could conceivably also
result from an increase in cell number within monolayers
between days 2 and 6; more tightly packed cells might have
greater areas of lateral contact. We determined the cell
density in the monolayers by counting the number of cell
nuclei per unit area and found that the increase was less than
10% during this time interval (Figure S4). This small change is
rendered irrelevant to desmosomal adhesiveness, however,
because PKC-induced switching of desmosomal adhesion
state caused no cell detachment and no change in cell
morphology (which would change if cells multiplied and
thereby increased cell packing) at either time point.
DISCUSSION
The integrity of the epidermis is dependent on the strength of
the desmosome-intermediate filament complex. Weakening
or disruption of this complex by gene knockout, mutation, or
autoimmune disease has fatal or life-threatening conse-
quences (Vasioukhin et al., 2001; Lane and McLean, 2004;
Payne et al., 2004; Jonkman et al., 2005). We recently
proposed the concept of hyper-adhesion in an attempt to
explain how a highly organized arrangement of the desmo-
Day 2 Day 6
Before 
rotation
After 
rotation
a b c d e
f
g h k l m
i j
n
o
e
f
m
Figure 3. The physical force of rotation breaks adhesion by splitting cell junctions. Electron micrographs of detached HaCaT cell layers on (a, b, g–j)
day 2 and (c–f, k–o) day 6 of detached cell sheets either (a–f) before or (g–o) after rotation in Hanks’ balanced salt solution. Before rotation both
(a) day 2 and (c) day 6 sheets were monolayers of columnar cells that were joined by desmosomes (inset and arrows in b; insets in d; and enlargement
in e and f). After rotation many of the cells in both day 2 and day 6 fragments were separated by wider intercellular spaces leaving plaques apparently
corresponding to half desmosomes at the cell surface (arrowheads in enlargements in h–j, n, and o). Broken lines in (a) and (c) indicates basal surfaces of
cell layers. Bars¼ 10 mm (a, c, g, k, l); 1 mm (remainder).
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somal cadherin extracellular domains gives rise to calcium-
independent adhesion that is characteristic of desmosomes
in vivo and unique to desmosomes among intercellular
junctions (Wallis et al., 2000; Garrod et al., 2005). We have
also shown that desmosomal adhesion becomes calcium
dependent in wound edge epidermis where downregulation
of desmosomal adhesion is required to facilitate wound re-
epithelialization. Our present results provide the first
evidence that calcium-independent, hyper-adhesive desmo-
somes are more strongly adhesive than calcium-dependent
desmosomes and that they resist cell sheet disruption, their
presumed function in epidermis.
Our results show that the desmosomes of HaCaT
cells seem very similar to those of MDCK cells in their
acquisition of calcium independence and their response to
PKC activators and inhibitors. Thus the desmosomes of
cells originating from stratified and simple epithelia have
similar adhesive properties. Both develop hyper-adhesion.
Desmosomes are larger and more abundant in stratified
than in simple epithelia (Skerrow et al., 1989; Mattey et al.,
1990). Therefore the often-repeated statement that the
number and size of desmosomes in a tissue determines its
resistance to physical stress seems justified in terms of
adhesive strength.
A crucial question is whether the quantification of cell
sheet disruption on different days of culture provides a true
reflection of desmosomal adhesiveness. Our electron micro-
scopy indicates that disruption involved the splitting of
desmosomes in the extracellular domain suggesting that the
measurements do indeed reflect desmosomal adhesiveness.
Several groups have shown previously that modification of
intermediate filaments or intercellular junctions can alter the
cohesiveness of cell sheets using this dissociation assay
(Calautti et al., 1995; Caldelari et al., 2001; Huen et al.,
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Figure 4. Activation/inhibition of PKC affects desmosome calcium dependence and cohesive strength. (a) Day 2 HaCaT cells were incubated in LCM for
90 minutes without previous treatment (non) or following preincubation with DMSO or the conventional PKC inhibitor Go¨6976 at 5 or 50 nM for 1 hour. They
were analyzed by immunofluorescence of DP and the number of cells with calcium-independent desmosomes counted. Desmosomes in Go¨6976-treated but not
DMSO-treated cells changed from calcium dependent to calcium independent. (b) Similar experiments were carried out with day 6 HaCaT cells except that the
cells were pretreated with the conventional PKC activator TPA instead of Go¨6976 and the calcium independence of desmosomes quantified after LCM
treatment. Desmosomes in TPA-treated but not DMSO-treated cells substantially changed from calcium independent to calcium dependent. (c, d) HaCaT cells
on days 1 and 6 were treated with (c) Go¨6976 or (d) TPA, respectively, for 1 hour. Parallel cultures were incubated with DMSO as a control. Cell layers were
detached from culture dishes with dispase and subjected to the dissociation assay and the degree of dissociation quantified by counting fragments of the cell
sheet. Go¨6976-treated day 1 cell layers showed decreased dissociation while TPA-treated day 6 cell sheets showed increased dissociation compared to DMSO-
treated samples. Data were pooled from five independent experiments and expressed as mean 7SEM (t test statistical significance: *Po0.05; **Po0.01).
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2002; Setzer et al., 2004; Yin et al., 2005). However, altered
sheet cohesiveness has not, to our knowledge, been
previously directly related to the splitting of intercellular
junctions and therefore to junctional adhesiveness.
The question arose as to whether this change in
desmosomal adhesiveness might involve a change in the
molecular composition of desmosomes but Western blotting
and quantitative immunofluorescence showed that of all
components examined only Dsc2 showed a small but
significant increase between days 2 and 6. Surprising though
this may seem, it is entirely consistent with a previous
observation showing that the amount of DP reached a plateau
by about 36 hours after formation of contacts between MDCK
cells (Mattey et al., 1990). A priori it seems unlikely that cells
should continue to increase their content of junctional
proteins, or the cells would become overloaded. The
extracellular matrix components fibronectin and laminin also
did not change in amount between days 2 and 6 (results not
shown).
Could the change in amount of Dsc2 account for the
change in desmosomal adhesiveness? That this is not the case
was clearly demonstrated by showing that rapid switching of
desmosomal adhesive state by activation or inhibition of PKC
was not accompanied by a change in composition of Dsc2 or
any other junctional component. These switching experi-
ments appear to be of key significance because they also
eliminate other trivial explanations of our observations, such
as change in cell number or morphology between the
different time points. We believe that the most likely
explanation of the change in desmosomal adhesive state is
a direct effect of PKC signaling on desmosomes.
We have previously provided evidence that switching of
desmosomes between the hyper-adhesive, calcium-indepen-
dent state and calcium dependence involves signalling by
PKCa (Wallis et al., 2000) and this is consistent with the
association of PKCa with desmosomal plaques that accom-
panies the switch in desmosomal adhesive state during
epidermal wound healing (Garrod et al., 2005). This suggests
that phosphorylation of one or more desmosomal compo-
nents triggers the adhesive switch. We are attempting to
determine which desmosomal components are involved in
this process. Recently it has been shown that O-glycosylation
of the desmosomal plaque component plakoglobin augments
desmosomal adhesion in keratinocytes (Hu et al., 2006). It
will be intriguing to discover whether changes in plakoglobin
glycosylation accompany the switching of desmosomal
adhesiveness.
MATERIALS AND METHODS
Cell culture and LCM treatment
HaCaT cells were grown in DMEM plus 10% fetal bovine serum
(subsequently referred to as SM) at 371C under 5% humidified CO2.
The cells were seeded onto 13 mm glass coverslips in 24-well plates
and allowed to attach overnight to achieve 98% confluence the
following day. This day was regarded as day 1 with samples
obtained on days 1, 2, 4, and 6. Cell monolayers were washed twice
in calcium- and magnesium-free HBSS (Gibco, Paisley, UK) and then
placed in LCM for 90 minutes. LCM consisted of calcium-free DMEM
(Gibco) supplemented with 10% chelated fetal bovine serum and
3 mM ethylene glycol-bis (b-aminoethyl ether) N,N,N0,N0-tetra acetic
acid (Wallis et al., 2000). Controls were incubated in SM. After
incubation, the cells were washed in calcium- and magnesium-free
HBSS and fixed with ice-cold acetone/methanol (1:1) for 10 minutes
before processing for immunofluorescence.
PKC inhibitor and activator treatment
Six-day cultures were prepared as above and incubated with 5 or
50 nm Go¨6976 (Sigma, Poole, Dorset, UK) or DMSO (1/1,000 in
SM). One-day cultures were incubated with 5 or 50 nM TPA (Sigma)
or DMSO. After 45 minutes incubation with either inhibitor or
activator, the cells were washed with phosphate buffered saline
three times and subjected to LCM treatment.
Immunofluorescence
Fixed cells on coverslips were washed with phosphate buffered
saline (3 5 minutes) before nonspecific binding of antibodies was
blocked by a 30 minute incubation in 5% (v/v) goat serum (Jackson
ImmunoResearch Laboratories, West Grove, PA) in phosphate
buffered saline. Samples were then incubated with the anti-
desmoplakin monoclonal antibody 11-5F (Parrish et al., 1987) for
1 hour. They were then washed in phosphate buffered saline and
incubated with FITC- or rhodamine-conjugated secondary antibody
(Jackson ImmunoResearch Laboratories) for 1 hour. After washing as
before, samples were mounted onto microscope slides using
Gelvatol (Fluka, Buchs SG, Switzerland) and examined with a Zeiss
Axioplan microscope equipped with a 63 Plan-APOCROMAT oil
immersion objective (NA 1.40), an RTE/CCD-1300-Y camera
(Princeton Instruments Inc., Trenton, NJ) and Metamorph software
(Universal Imaging Corporation, West Chester, PA).
Quantification of calcium sensitivity of desmosomes in HaCaT
cells
The total number of cells within a field of view with the 40 objective
was counted as was the number of cells having at least one calcium-
independent desmosome. A minimum of five random fields of view
were counted for each sample. Percentages of cells with calcium
independent desmosomes and standard errors were calculated.
Dissociation assay
This was performed as described previously (Calautti et al., 1995).
HaCaT cells were seeded in 60 mm diameter dishes to achieve 98%
confluence the following day and this was considered day 1. On
days 2, 4, or 6, cultures were washed in HBSS and then incubated in
dispase (2.4 U/ml; Gibco) for about 45 minutes when the cell sheet
had become detached from the dish. For experiments using TPA and
Go¨6976, cells were incubated in SM containing either 50 or 100 nM
TPA or Go¨6976, or DMSO (1:1,000) for 1 hour before detaching with
dispase. The detached cell sheets were washed in HBSS and placed
in 4 ml HBSS in Bijou tubes (Grenier Bio-one, Frickenhausen,
Germany). Tubes were then secured to a tube rotator (Jencons,
Leighton Buzzard, Bedfordshire, UK) and subjected to 20 rotation
cycles before the fragments of cell sheet were counted. For
experiments using LCM treatment, the detached cell sheet was
incubated in LCM for 45 minutes. Single cells after LCM treatment
were counted. The significance of differences between samples was
determined by Student’s t-test.
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Transmission electron microscopy
Fixation, ultrathin sectioning, and heavy metal staining were
performed by the Electron Microscopy Facility of The University of
Manchester. Samples were fixed for 2 hours in 4% paraformalde-
hyde/2% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.5)
containing 0.5 mM CaCl2. The samples were post-fixed in 1% OSO4
in the same buffer followed by washing in distilled water
(3 1 minute). The samples were stained with 1% uranyl acetate
for 16 hours at 41C and then dehydrated in acetone. They were
then embedded in Spurr resin (medium hardness) and polymerized
at 601C for 72 hours. Ultrathin sections (50–70 nm) were obtained
using a glass knife, stained with 0.3% lead citrate (Agar Scientific
Ltd, Stanstead, UK) and examined on an FEI Technai 12 Biotwin
electron microscope.
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SUPPLEMENTARY MATERIAL
Materials and Methods.
Figure S1. Change in adhesive strength does not involve a change in
expression of junctional proteins.
Figure S2. Change in adhesive strength does not involve a change in
localization of junctional proteins.
Figure S3. Activation/inhibition of PKC affects cohesive strength in same day
culture.
Figure S4. Cell density in day 2 and day 6 cultures.
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